The four ribosomal RNA (rrn) operons rrnA, rrnB, rrnC and were identified, sequenced completely and characterized individually rrnD in the whole genome of A tumefaciens MAFF301001. These rrn operons were located in the two topologically different chromosomal DNAs; rrnA and rrnD in the linear chromosome and rrnB and rrnC in the circular chromosome. Each operon coded for three ribosomal RNA subunit genes; 16S, 23S and 5S rRNA. The 16S-23S internal transcribed spacers (ITS) of the four rrn operons contain genes for tRNA-De and tRNA-Ala and tRNA-Met downstream of 5S rDNA gene while the intergenic spacer between 23S rDNA and SS rDNA lacked tRNA genes. Sequence alignment of 23S rRNAs of A tumefaciens MAFF301001 and C58 strains showed unrelated sequences near the 5' end region suggesting the presence of intervening sequence (IVS). Primer extension analyses revealed that the^primary transcription products for 16S and 23S rRNAs are 1497 and 2877 bases long, respectively.
INTRODUCTION

Agrobacterium
tumefaciens MAFF301001 is a phytopathogenic bacterium causing tumors in plants. It harbors a tumor inducing (Ti) plasmid and can insert its T-DNA to the host plant (1) . This bacterium can alter the host's genome, hence, is considered in plant biotechnology as one of the nature's best genetic engineer (2) . Physical map of the whole genome and linkage map of the linear chromosome of this bacterium revealed the four rRNA gene loci in this bacterium (3) .
In this paper, the four rRNA gene loci were sequenced completely and nucleotide sequences were characterized and compared with each other. Since rRNA molecules have not yet been analyzed biochemically in this species, primer extension was done to map the 5' ends of 16S and 23S rRNAs.
MATERIALS AND METHODS
DNA sequencing of both strands for each rRNA gene locus was carried out with dideoxy nucleotide sequencing reaction using dyenamic ET terminator sequencing kit (Amersham) followed by analysis in an ABI Prism 310 Sequencer. DNA sequence analyses were as described (4) . Primer extension analysis was done following the method of Sambrook and Russel (2001) (5). Gene organization was determined by homology search while tRNA was identified by scanning clover leaf structures and homology search.
RESULTS AND DISCUSSION
We determined the complete sequence of each rRNA gene locus. Deduced gene organization of all rRNA operons is shown in Fig. 1 .
Whole rRNA operon was ~6kbp in length. The general organization of each rRNA operon was 16S rRNA gene (1497bp), 16S-23S internal transcribed spacer (1032bp), 23S rRNA gene (2877bp), 23S-5S ITS (139bp), the 5S rRNA gene (143bp) and 179bp containing tRNA-Met (77bp). Within the 16S-23S ITS region were two tRNA genes namely; tRNA-Ile (77bp) and tRNA-Ala (76bp) genes. 16S and 23 S rRNA genes were identical among the four rRNA gene loci except for one base difference(loss of T) within the 23 S rRNA gene of rrnA locus. The 5' ends of 16S and 23S rRNAs were characterized by primer extension analyses using oligonucleotides complementary to the rRNA segment predicted to be near the putative 5 1 start point as revealed by homology search and sequence alignment. Mapped transcription start points for 16S and 23 S rRNAs are shown in Figure 2 . Our result indicates that the 23 S rRNA start point is ~300nt upstream from the predicted start point of 23 S rRNA of A. tumefaciens C58 (6). We aligned the 23S rRNA of both MAFF301001 and CS8 strains including the 300 bases upstream of the latter and they are 96% matched with each other (data not shown). Interestingly, 150 bases downstream from the start point of MAFF301001 23S rRNA gene, 112 bases were unrelated with the C58 23S rRNA gene ( Figure 3 ). We predicted this region to contain the 5* 23 S rRNA intervening sequence (IVS) that causes fragmentation of the 23 S rRNA and has been reported in other close relatives belonging to Proteobacteria (7) . Further characterizations of these rRNA genes are now in progress.
MAF301001 143 GGGAAATCTGTTTTCrrTGGCTC^TGOTCTCnTTGGGTTTACCaTACAGGaGCTAaCCCTCGGTGCTTTTGC 217 C58
-56 ggaaaatcca g tctgttt taac 35 «* ***** MAF301001 Z18 ACCGCGCCGTCCGOVGGCCTTTGGCCGTGAGGACAGAACTGAACAGGTTTCCAAGCATTGTGATAAGGTATCTTA 29Z C58 -34 gaacggcctgggtttccaagcattattataaggtATCTTA 46 **** * ************** * ************* Fig.3 . Alignment of the 23S rRNA gene of A. tumefaciens MAFF301001 and C58 strains where the region with unrelated sequences are found. Asterisks (*) denote similar sequence; dashes (-) mean gaps. For C58, nudeotides in small letters are part of ITS while capital ones are part of 23S rRNA gene predicted by Goodner et al (2001) .
